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Hydraulic structuresAbstract The harmful effect of local scour around bridge piers and abutments can induce high
maintenance costs or even bridge collapse resulting in the disturbance of trafﬁc and possibly human
losses. In the present research, an experimental study was carried out to investigate local scour
around multi-vents bridge supports. Different methods of scour-countermeasures were applied to
minimize and control the formed scour around bridge supports. It was found that, using collar
around piers, current deﬂectors and sacriﬁcial pile upstream piers reduced local scour depth by
more 90%.
ª 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Scour is the most serious waterway problem at which greater
than 60% of the reported failures can be attributed to it [26].
There are many reports about bridges failure around the
world due to scouring [10,15]. The mechanism of scouring
around a bridge pier is very complex and has been reported
by various investigators [9,14] and [5]. Abdelhaﬁz [3] studied
the effect of pier shape and spacing on energy loss and scour
around bridge piers. It was found that the maximum scour
occurs upstream of the pier and the depth of scour hole
increases as tail Froude number increases. Fotherby and
Jones [8] used collars around bridge pier for reducing andcontrolling local scour depth. The authors recognized the
potential usage of both a collar and a footing for scour reduc-
tion. Experimental studies were applied using piers provided
with slots and collars under different ﬂow conditions by
Kumar [12]. Kumar et al. [13] studied the efﬁciency of slots
with different lengths and angles of attack. It was concluded
that a slot can be effective in reducing scour, particularly if it
extends into the bed, and that the slot is practically ineffective
if the approach ﬂow has a high obliquity with respect to the
slot. Zarrati et al. [27] worked on the application of a collar
to control the scouring around rectangular bridge piers hav-
ing a rounded nose. It was found that collar effectiveness
improves as the collar becomes wider and as the level at
which it is positioned on the pier becomes lower. Reduction
of local scour in the vicinity of circular bridge pier groups
using collars and riprap was studied by Zarrati et al. [28].
The effect of triangular collar around bridge pier was studied
experimentally by Mohamed et al. [18]. Different shapes and
Figure 1 Sketch for experimental model details.
Figure 2 Relative scour depth Ds/yt versus tail Froude number Ft for, (i) Central pier (C.P) and side pier (S.P) case of multi-vents bridge,
(ii) case of two vents bridge.
Figure 3 Scour proﬁles in case of C.P at different Froude numbers (Ft).
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Figure 4 Scour proﬁles in case of S.P at different Froude numbers (Ft).
Figure 5 Scour contour maps around multi-vents bridge piers
for (a) Ft = 0.34, (b) Ft = 0.42, and (c) Ft = 0.53.
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experimentally by Abdel-Aal and Mohamed [2]. Kothyari
and Kumar [11] proposed a new mathematical model for
computation of temporal variation of scour depth at circularcompound bridge piers. EL-Ghorab [6] studied experimen-
tally the local scour depth around bridge piers provided with
slots. The effect of pile cap thickness on the temporal evolu-
tion of the maximum scour depth and the development of
equilibrium conditions was investigated by Ferraro et al.
[7]. Sheppard et al. [24] performed an evaluation of the exist-
ing equations for the local scour at bridge piers. Nordila et al.
[20] studied the local scour depth at wide bridge piers. In
addition, laboratory studies of sacriﬁcial piles for pier scour
protection are reported by Shen et al. [23], Chang and
Karim [4], Paice and Hey [21], and Singh et al. [25]. These
studies showed up to 50% scour reduction due to the pres-
ence of the sacriﬁcial piles. Laboratory studies on the use
of sacriﬁcial piles as a pier scour countermeasure are reported
by Melville and Hadﬁeld [16]. This study aimed to control
and reduce the local scour around multi-vents bridge piers
using collar, current deﬂectors that ﬁxed over collar and
mobile bed, and sacriﬁcial pile upstream piers.2. Experimental work
The experimental work was carried out in a re-circulating
channel with 6 m length, 20 cm depth and 60 cm width.
This study is carried out in the hydraulic laboratory of col-
lege of engineering, Zagazig University. The median sand
size (D50) is 1.50 mm, and the geometric mean (D85/D15) is
1.41. The experimental work was conducted under the
clear-water condition. For each test of the experimental pro-
gram, the sand was leveled along the entire length of ﬂume
using a wooden screed with the same width as the ﬂume.
The sand level was checked in randomly points with a point
gauge. The ﬂume was slowly ﬁlled with water to the required
depth. The pump was then turned on and its speed increased
slowly until the desired ﬂow rate was achieved, after that the
tailgate was adjusted to get the required water depth. At the
end of the test the pump was turned off and the ﬂume was
drained slowly without disturbing the scour topography.
Discharge was measured using pre-calibrated ofﬁce meter
ﬁxed on a feeding pipe. Flow depths range from 35 mm to
70 mm with discharge of 6.5 L/s. The time duration for each
experiment was taken as 12 h, at this time the scour depth
reaches more than 90% of the equilibrium scour depth that
based on preliminary experiments. The scour proﬁle was
recorded with a point gauge with 0.1 mm accuracy. Perspex
Pier with width 3.0 cm, and 40 cm length was installed in
the channel centerline. Tow half piers at two sides of the
ﬂume were ﬁxed to represent a case of multi-vents bridge.
Figure 6 The relationship between Ds/yt and Ft for C.P with different scour countermeasures.
Figure 7 The relationship between Ds/yt and Ft for S.P with different scour countermeasures.
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width of the pier was chosen so that the effect of ﬂume side
walls and sediment size on the depth of scour hole was
negligible, [22]. Rectangular collar width of 3.0 times the pier
width was tested. The current deﬂector (C.D) over collar
with height equals 0.33 times pier width, length equals 1.5
times pier width and with angle equals 0.23p, was tested,
(optimal dimensions of C.D over collar by [19]. In addition,
C.D over mobile bed (height over bed equals 0.33 times pier
width, length equals 1.5 times pier width and parallel to the
ﬂume centerline) was tested in existence of collar and C.D
over it, (Fig. 1). Finally, the tested models were provided
with sacriﬁcial pile with diameter 0.33 pier width, and differ-
ent positions upstream piers, (Xp = 2, 3, 4, 5 times the pier
width).3. Analysis of experimental results
3.1. Scour around bridge piers
Fig. 2 shows the relationship between the maximum relative
scour depth (Ds/yt) and tail Froude number (Ft) for central pier
(C.P) and side pier (S.P). For the multi-vents bridge, it was
found that, Ds/yt increases as Ft increases and vice versa. In
addition, the maximum relative scour depth at the C.P is
higher than that created at the S.P, at which the maximum ﬂow
velocity occurs at the channel centerline and it reduces to its
minimum limits at the boundary. In addition, results of local
scour around two vents bridge were plotted in the same ﬁgure,
Melville and Chiew [17] and Abdel-Aal and Mohamed [2]. It
Figure 8 Scour contour maps around bridge pier at Ft = 0.53
for: (a) collar, (b) collar with C.D over it, and (c) collar with C.D
over rigid and mobile beds.
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two vents bridge, is higher than that created around the multi-
vents bridge piers, under the same ﬂow conditions. Scour pro-
ﬁles at different Froude numbers were presented in Figs. 3 and
4 for C.P and S.P, respectively. It was found that, the local
scour depth created at piers for both C.P and S.P increases
as the tail Froude number increases. Fig. 5a–c presents scour
contour maps for different Ft, it was observed that the scour
hole dimensions increase as the Ft increases. Moreover, for
all scour contour maps, the main scour hole forms upstream
bridge piers. The deposition was formed downstream of scourhole within the pier length in case of low Froude numbers.
Otherwise it formed downstream of bridge pier.
3.2. Collar, current deﬂectors, and sacriﬁcial pile
The effect of collar, as a protective scour plate, was investi-
gated on scour characteristics around bridge pier. Collar
attached to bridge pier at some level usually close to the mobile
bed was found to be the optimum position [1]. Fig. 6 shows the
effect of ﬁxing rectangular collar (Bo = 3, relative width of
rectangular collar) around C.P on local scour depth. The pres-
ence of rectangular collar around C.P reduced scour depth by
at least 65%, compared to no collar case. For the previous
case, it was observed that, scour holes were formed at the
two sides of bridge piers in case of high values of Froude num-
bers. So, Straight C.D (current deﬂector) (LC.D = 1.5b,
hC.D = 0.33b and h= 0.23p) was ﬁxed over the rectangular
collar (Fig. 1), to control and minimize the formed scour holes.
In addition, second row of current deﬂector (C.D) was used for
more controlling the local scour depth. This second row of cur-
rent deﬂector was ﬁxed parallel to pier centerline over the
mobile bed with the same dimensions like the ﬁrst one. It
was investigated that, the current deﬂectors over collar and
mobile bed reduce the scour depth by approximately 10%.
At which the current deﬂectors were considered good tools
for distributing the ﬂow velocity uniformly along the lateral
direction of channel at bridge piers. The same results for S.P
were obtained, as shown in Fig. 7. Scour contour maps for
the multi-vents bridge pier were shown in Fig. 8. It was found
that, the presence of current deﬂectors over mobile bed and
collar leads to reduce the scour hole dimensions around C.P
and S.P compared to the other cases, i.e. the case of no collar
and the case of collar with one row of current deﬂector over
the collar.
Sacriﬁcial piles are placed upstream of bridge pier for the
purpose of protecting it from local scour. The piles, which
themselves may be subject to substantial scour, protect the pier
from scour by deﬂecting the high-velocity ﬂow and creating a
wake region behind them, Melville and Hadﬁeld [16]. These
piles could be used as a support to aqueduct, and gas or water
pipes. Effect of Sacriﬁcial pile (pile diameter equals 0.33 pier
width) at different spacing (Xp = 2, 3, 4 and 5 times pier
width) upstream the pier nose on the local scour depth created
around bridge piers, was studied. Fig. 9 shows the relationship
between the maximum relative scour depth at Froude number
equals 0.53, and different scour countermeasures (i.e. No-col-
lar case, one row of current deﬂector over collar, additional
current deﬂector over mobile bed, and sacriﬁcial pile at differ-
ent positions from pier nose). This ﬁgure presents all scour
countermeasures used through the present study compared
to the no-collar case. It is obvious that the collars around
the multi-vents bridge piers provided with current deﬂectors
on the mobile bed and collar are considered good tools to
minimize the local scour depth. In addition, Sacriﬁcial protec-
tive piles located upstream of the bridge piers at Xp = 4, pro-
duce minimum relative scour depth around multi-vents bridge
piers compared to the other positions (Xp = 2, 3, and 5).
Finally, the scour reduction using the combination of previous
scour countermeasures (collar, current deﬂectors, and sacriﬁ-
cial pile) was 91%.
Figure 9 Ds/yt versus different scour countermeasures, at Ft = 0.53.
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In the present work, the scour around piers through multi-
vents bridge was studied experimentally. The present research
shows that using collar around multi-vents bridge piers leads
to reduce the local scour depth by 65%. In addition, the cur-
rent deﬂectors over the mobile bed and collar share to reduce
the local scour depth by additional 10%. These current deﬂec-
tors have the ability to minimize and control the dimensions of
side scour holes around multi-vents bridge piers. The protec-
tive sacriﬁcial pile upstream of bridge pier, collar and current
deﬂectors reduce the local scour depth at bridge piers by more
90% compared to the unprotected bridge piers.
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